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1. Introduction
   Plants either in the form of crude preparations or 
isolated bioactive compounds serve as popular source 
of medicine[1]. Rauvolfia serpentina (L). Benth. ex Kurz. 
(Apocynaceae) (R. serpentina), commonly known as 
sarpagandha has long been used in Indian subcontinent 
for  the treatment of  snakebites,  mental  i l lness, 
hypertension, blood pressure and schizophrenia[2-4]. The 
root bark is commonly used as an antidote to snakebite, 
febrifuge, anthelmintic and an sedative or hypotensive 
agent[5]. The roots of sarpagandha are the major source 
of indole alkaloids reserpine, rescinnamine, ajmaline, 
ajmalicine etc. Reserpine is therapfeutically extremely 
important due to its antihypertensive and sedative 
actions[6]. Analysis of these alkaloids by high performance 
liquid chromatography and high performance thin layer 
chromatography (HPTLC) methods have already been 
reported in this plant species[5]. 
   Stigmasterol belongs to brassinosteroids which is 
one of the growth regulators and signaling molecules 
essential for normal plant growth along with auxins, 
cytokinins, gibberellins, abscisic acid and ethylene[7]. 
Brassinosteroids have the ability to confer resistance 
to plants against various abiotic stresses[8]. The role of 
plant sterols in cell elongation, division and vegetative 
growth of plants has been widely reported[9-11]. An 
array of pharmacological properties of phytosterols 
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was also reported which included thyroid inhibitory, 
antiperoxidative, hypoglycaemic, anti-inflammatory, 
cholesterol-lowering, anti-osteoarthritic, antinociceptive 
and laxative activities[12-16]. Moreover, stigmasterol (Figure 
1) isolated from the root extract of Pluchea indica plays 
a key role in neutralizing cobra and viper venom[17]. 
Stigmasterol was also screened against Russel’s viper PLA2 
for its possible role as an antidote against snakebite[18]. 
Due to “Vander Waals” and hydrophobic forces, steroids 
are reported to form complexes with the venom[19]. 
HO
Figure 1. Structure of stigmasterol.  
   Earlier, we have reported seasonal variation of 
stigmasterol in the roots of the same plant species[20]. 
Considering the diverse pharmacological importance of 
stigmasterol, a protocol has been developed to formulate 
an easy, simple, rapid and sensitive HPTLC method for fast 
screening and quantitation of stigmasterol in the roots of 
seven populations of R. serpentina from seven different 
altitudes. 
2. Materials and methods
2.1. Plant material 
   Seven populations of R. serpentina with identical age and 
growth phase were collected from seven different altitudes 
(RS1 to RS7) of India, ranging from sea level to 1 062 m 
above sea level during the months of monsoon (Table 1). 
The plant was identified by the author and the voucher 
specimen (111210) was preserved in Department of Botany, 
Presidency University, Kolkata, India. All the plants were 
harvested at their flowering stage. Immediately after 
harvesting, the extraction and following chromatography 
experiments were performed. 
2.2. Standard solutions and reagents 
   High performance liquid chromatography grade solvents 
were purchased from E. Merck, Mumbai, India. Standard 
stigmasterol was obtained from Sigma-Aldrich, USA. 
Stigmasterol stock solution (0.1 mg/mL) was prepared by 
dissolving 10 mg stigmasterol in 100 mL chloroform. To 
prepare the calibration curve, serial dilution of stock solution 
was performed to prepare standard solutions of different 
concentrations. Stock reference solution of stigmasterol was 
prepared by transferring accurately weighed amounts to 
volumetric flasks and diluting to volume.  
2.3. Preparation of samples
   Samples were prepared following a previously used 
protocol with slight changes[20]. Approximately 5 g of oven 
dried (37 °C) and powdered (to 40 mesh size) root from each 
plant sample was extracted separately with n-hexane (3
伊50 mL). The flasks were put on a gyratory shaker for 5 
h at 80 r/min. Keeping the suspension overnight at room 
temperature (26 °C), all the extracts were pooled and 
filtered through Whatman No. 1 filter paper and evaporated 
under vacuum using Eyela, N-1100 rotary evaporator 
(China) to furnish a solid mass of extract. This extract (1 
g) was dispensed in 10 mL n-hexane and the mixture was 
sonicated for 10 min. Quantification of stigmasterol using 
HPTLC was performed using this sample.
2.4. Chromatography
   The HPTLC was performed by means of a CAMAG (Muttenz, 
Switzerland) Linomat-5 automatic sample applicator 
and CAMAG TLC scanner-3 supported with CATS software 
(version: 1.4.4.6337). Chromatography was prepared on 20 
cm伊10 cm伊0.25 mm pre-coated silica gel 60 F254 HPTLC 
plates (Merck KGaA; 1.05554. 0007) as the stationary 
phase. To analyze altitudinal variation of the compound, 
a previously described protocol was followed with minor 
changes[20]. Samples were applied on plates as 6 mm 
bands, with 9.4 mm apart by means of Linomat-5 automatic 
sample applicator with N2 flow. The injection volume was 
2 μL for the standard as well for the sample solutions 
by means of a 100 μL Hamilton syringe having a sample 
delivery speed of 150 NL/s. With benzene-acetone 86:14 
(v/v) as mobile phase for the non-alkaloid fraction of the 
Table 1
Geographical and morphological details of samples of R. serpentina populations. 
Serial No. Populations Altitude (in m above sea level) Co-ordinates Temperature while harvesting ( in °C) Habitat
RS1 Chinsurah, Hooghly (West Bengal)   12 22°54′13″ N, 88°22′37″ E 34 Wild
RS2 Sukna reserve forest, Darjeeling (West Bengal) 180 26°47′26″ N, 88°21′46″ E 28 Cultivated
RS3 Narendrapur, South 24 Parganas (West Bengal)    3 22°34′10″ N, 88°22′10″ E 32 Cultivated
RS4 Lucknow (Uttar Pradesh) 125 26°51′0″ N, 80° 55′12″ E 29 Cultivated
RS5 Ajodhya hills, Purulia (West Bengal) 550 23°12′0″ N, 86°3′0″ E 30 Wild
RS6 Trivandrum (Kerala)   21 8°29′14″ N, 76°56′56″ E 30 Wild
RS7 Mungpoo Darjeeling (West Bengal)                   1 062 26°58′46″ N, 88°22′22″ E 16 Cultivated
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hexane extract, linear ascending mode of development up 
to a distance of 80 mm was performed at room temperature 
(26 °C) in a CAMAG 20 cm伊10 cm twin trough glass chamber 
previously saturated with mobile phase vapour for 15 min. 
After development, the plates were derivatized with 100 mL 
vanillin-10% sulphuric acid alcohol (v/v). After removal 
from the chamber the plates were oven dried at 120 °C for 
20 min. Peak areas for samples and standard were recorded 
by densitometric analysis. The slit dimensions were 4.00 
mm伊0.30 mm and the scanning speed was 20 mm/s. The 
data resolution was 100 μm/step. CATS software was used to 
perform qualitative and quantitative analysis by recording 
the chromatograms, in fluorescence mode using K400 
optical filter, at 366 nm under Hg lamp.
   For calibration purpose and to assess the linearity, 
marker stock solution (0.5, 1.5, 3.0 and 4.5 μL) was applied 
to the plate to furnish amounts in the range 500-4 500 ng per 
band. Peak areas were plotted against the corresponding 
concentrations and regression analysis was performed to 
generate the calibration equation. For analysis of the root 
powder extract, 10 μL of the sample obtained was applied 
to the plate. After development, derivatization, scanning 
and measurement of peak area, the amount of stigmasterol 
was calculated. The purity of the marker was assumed to 
be 100%. 
2.5. Method validation
   The method was validated by determining instrument 
precision, repeatability, linearity, peak purity, limit 
of quantification, limit of detection (Table 2), average 
percentage recovery (Table 3), intra-assay/within day 
(Table 4) and intermediate precision (Table 5). Each of 
the standard solutions of stigmsterol (9.5 μL equivalent 
to 0.5, 1.5 and 3.0 μg per band) was applied in triplicate. 
To determine the linearity range, the calibration plot 
was prepared by plotting peak area against the amount 
of stigmasterol. To check instrument precision, the same 
stigmasterol band (1 μg) was scanned for six times. The 
mean, standard deviation, and % coefficient of variation 
were calculated to check peak area and Rf. The results 
obtained from study of instrument precision and spotting 
repeatability are given in Table 2. Repeatability of sample 
application was assessed by analyzing the stigmasterol 
band after application of standard solution to the plate 
(n=3), and % CV was calculated. Recovery studies were 
performed to assess accuracy parameters. These studies 
were carried out at three levels, after addition of 50%, 100% 
and 150% stigmasterol to the sample. Known amounts of 
stigmasterol standard were added to 100 mg powdered root 
sample (containing 0.93 mg stigmasterol approximately), 
and the sample was extracted and the amounts of 
stigmasterol were determined. These are depicted in Table 
3. Three bands of sample solution per plate on three plates 
on the same day were analyzed to study intra-day precision 
and three bands of sample solution per plate on the second 
day were analyzed to study intermediate precision and % CV 
was calculated. The intra-day and inter-day coefficients 
of variation are in range of 0.004 to 0.021 and 0.029 to 0.099 
respectively. The results are depicted in Tables 4 and 5. 
The absorbance spectrum of standard stigmasterol and the 
corresponding peak in the test samples in the range 400-
800 nm were analyzed to determine the specificity of the 
method. The lowest amount of analyte in a sample that can 
be detected but not necessarily quantitated under the given 
experimental conditions is the limit of detection (LOD). The 
LOD was found to be 118 ng/band. The lowest concentration 
of analyte in a sample that can be determined with 
the acceptable accuracy and precision under stated 
experimental conditions is the limit of quantification (LOQ). 
The LOQ was found to be 400 ng/ band (Table 2).
Table 2 
Method validation for estimation of stigmasterol by HPTLC.
Parameters Value
Instrument precision (%CV, n=10) 0.58
Repeatabilty (%CV, n=10) 0.45
Retention factor (Rf) 0.44
Linear regression equation Y=2257.51+3.169X
LOD (ng/band) 118
LOQ (ng/band) 400
Linearity range (ng) 500-4 500
Correlation coefficient 0.989
Table 3
Results from study of the recovery of stigmasterol by HPTLC.
Level 0 1 2 3
Amount of stigmasterol in 100 mg plant material (mg) (A) 0.93 0.93 0.93 0.93
Amount of stigmasterol added (mg) (B) 0.00 0.50 1.00 1.50
Amount of stigmasterol found in the mixture (mg) (C) 0.93 1.44 1.92 2.44
Recovery (%) (D) 100.0 102.0 99.0 100.6
D=[(C-A)/B]伊100; average recovery=100.4%.
Table 4
Results from determination of intra-assay/within day precision.
Day 1 
observation No.
Amount of 
drug (μg)
Samples prepared on the same day CV (%)
1.0 2.0 3.0  1.0  2.0  3.0 Mean依SD
1 0.5 0.5 0.5  3 080.600  3 081.900  3 081.500 3 081.300依0.665 0.021
2 1.5 1.5 1.5  7 620.100  7 619.200  7 621.000  7 620.100依0.900 0.012
3 3.0 3.0 3.0 12 575.300 12 576.100 12 575.000 12 575.500依0.568 0.004
Table 5
Results from determination of intermediate precision.
Day 2 
observation No.
Amount of 
drug (μg)
Samples prepared on the different day CV (%)
 1.0 2.0 3.0  1.0  2.0 3.0 Mean依SD
1 0.5 0.5 0.5  3 081.00  3 084.50  3 087.10  3 084.20依3.06 0.099
2 1.5 1.5 1.5  7 625.10  7 620.00  7 626.20  7 623.70依3.31 0.043
3 3.0 3.0 3.0 12 575.20 12 570.10 12 577.30 12574.20依3.70 0.029
2.6. Determination of stigmasterol in samples
   Four levels of standard solution (0.5, 1.5, 3.0 and 4.5 μL) 
and sample extracts were applied to 20 cm×10 cm silica 
gel 60 thin layer chromatography plates and analyzed 
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as described in the previous section. Peak areas were 
recorded and a calibration plot was prepared by plotting 
peak area against the amount of standard stigmasterol 
applied. Using the calibration plot, the amounts of 
stigmasterol present in the samples were calculated.
3. Results 
   Chromatograms are given in Figures 2, 3 and 4 and the 
calibration plot derived from the standards is shown in 
Figure 5. In the thin layer chromatography development, 
benzene-acetone 86:14 (v/v) was used as mobile phase to 
give a single spot with an Rf value of 0.44 for stigmasterol. 
The same mobile phase and development chamber 
conditions were used for the test samples leading to the 
well resolved spots. The spots were observed at 366 nm after 
spraying with vanillin-10% (v/v) sulphuric acid alcohol. The 
HPTLC fingerprints showed an Rf value of 0.44. The three 
dimensional densitogram patterns of the test samples and 
standard showed that the peak corresponding to Rf value 
of 0.44 is superimposable in all the samples. The spectrum 
analysis corresponding to this peak was also found to 
correlate exactly, indicating the compounds at Rf value of 
0.44 of the standard and the test samples to be similar. The 
peak purity test was carried out by comparing the absorption 
spectra of the standard and the test samples; purity of the 
peak was indicated by clear superimposibility (Figure 6). 
Linearity of the calibration curve was found to be between 
0.5-4.5 μg. The correlation coefficient for a calibration 
curve between 0.5-4.5 μg was found to be 0.989 and the 
regression equation was 2257.571+3.169X. The results from 
linear regression are given in Table 2. The percentage of the 
bioactive marker was determined by using the peak area 
parameter and the data are depicted in Table 6. It also clearly 
shows that, populations collected from higher altitudes (RS5 
and RS7) contain significantly higher stigmasterol than the 
lower altitude populations. The stigmasterol concentration 
was found to be directly proportional to the altitude from 
which the source plants were collected (Table 6).
Figure 2. HPTLC (overlay) of different populations of R. serpentina with 
standard stigmasterol.
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Figure 3. Densitogram obtained from standard stigmasterol.
Figure 5. Calibration plot obtained for stigmasterol standard solutions.
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Figure 4. Densitograms obtained from 7 different populations of R. serpentina.
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Figure 6. Spectrum of stigmasterol overlaid with the corresponding peaks 
from different populations.
100.0
[AU]
80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0
0.0
100.0
[AU]
80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0
0.0
Spectra comparison
200.0  250.0  300.0   350.0    400.0  450.0  500.0  550.0   600.0    [nm]  700.0
Table 6
Content of stigmasterol in different populations of R. serpentina.
Populations Altitude (m) Stigmasterol content (mg/g)
RS1   12 0.146
RS2 180 0.164
RS3    3 0.046
RS4 125 0.149
RS5 550 0.522
RS6   21 0.243
RS7             1 062 0.746
4. Discussion
   The concentration of secondary metabolites reportedly 
depends on parameters like seasonal variations, climatic 
conditions and height of collection above sea level[20,21]. 
Cultural conditions also influence the biosynthesis and 
content of secondary metabolites in plants[22]. In the present 
investigation, the seasonal variation and growth stage 
parameters were ruled out as the plants were collected 
from different altitudes in flowering stages only during the 
rainy season. The results show a significant variation in 
the amounts of stigmasterol in seven different populations 
harvested from different altitudes. Stigmasterol content 
was found to be directly proportional to the altitude of 
the place of occurrence. Quantitation of stigmasterol 
among seven populations of R. serpentina collected from 
different altitude of 3-1 062 m showed that altitude did 
play a major role on stigmasterol synthesis when the other 
factors (seasonal, age or growth phase related) remain the 
same. Earlier, this type of inter-population quantitative 
difference in the amount of different metabolites at different 
altitudes has been recorded in several plant species[23-
26]. Temperature and UV-B radiation may act as the keys to 
altitudinal variation of metabolites in plants[27]. The effect 
of UV-B on different population of Hypericum perforatum 
was reported and variation in the level of flavonoids, tanins 
and hypericins were attributed to UV-B radiation[28]. In 
23 natural populations of Phyllanthus amarus, collected 
from different altitudes (114-5 295 feet) and geographical 
regions of India, phyllanthin content was found to vary 
with increased altitude[29]. Positive correlation with 
altitude variation (590-2 230 m) for both flavonoids and 
phenolics compounds in the flowering heads of Matricaria 
chamomilla L. (Asteraceae) was also noticed[25]. In this 
study, the occurrence of higher level of stigmasterol in 
populations collected from higher altitudes could have 
been a consequence of adaptation to different climatic 
and edaphic factors. Traditionally R. serpentina is being 
used as an antidote against snakebite at different parts 
of Southeast Asian countries[2]. Stigmasterol, one of the 
major compounds in this plant species was useful against 
snake venom by different authors[17,18]. Therefore, presence 
of stigmasterol in this plant may contribute to its anti-
venom properties and the age old traditional or ethnic use 
of the plant against poisonous snakebite in the tropical 
regions of Indian subcontinent attributed to the presence 
of phytosterols in the plant. Further study is suggested to 
elucidate the structure activity relationship of bioactive 
molecules present in the plant. 
   The results from this study suggest that the variation of 
stigmasterol, an anti-venom compound in R. serpentina, 
was highly influenced by the altitude due to variation in the 
environmental factor like precipitation, mean temperature, 
soil, wind speed, low and high temperature extremes, 
duration of snow-cover, length of the vegetation period and 
the intensity of radiation. Thus, varied environmental factors 
at different altitudes have profound effects on stigmasterol 
biosynthesis and further, stigmasterol from plants of higher 
altitude could be best source for pharmacological study and 
drug development.
   The present experiment demonstrates a simple, rapid, 
precise and sensitive HPTLC protocol for qualitative and 
quantitative determination of altitudinal variation of 
stigmasterol from different populations of R. serpentina. 
Stigmasterol content was found to be higher in plant 
populations collected from higher altitudes. After validation, 
the protocol was found to be precise, linear, repeatable and 
selective. Stigmasterol biosynthesis in natural condition was 
highly influenced by various altitudes. Thus, the protocol 
can be exploited commercially to quantify stigmasterol 
in plant samples and also to screen plant populations 
by phytochemical fingerprinting using HPTLC. The study 
also indicates towards the possible role stigmasterol as a 
potential candidate for antivenin activity of R. serpentina.
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